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Introduction
In recent decades, the widespread use of pesticides has led to the pollution of aquatic environments [1] . Propiconazole (CAS#: 60207-90-1),
1-[ [2-(2,4-dichlorophenyl)-4-propyl-1,3-dioxolan-2-yl]
methyl]-1,2,4-triazole, is a systemic foliar fungicide with a broad range of activities. The solubility of PCZ is 100 ppm at 20ºC, and no significant hydrolysis has been observed. Additionally, propiconazole is subject to photolysis, but after 12 days of exposure to natural light, only 20% photolysis was recorded. Triazole fungicides have a shorter half-life and lower bioaccumulation than organochlorine pesticides, but detrimental effects on the aquatic ecosystem may arise from spray drift or surface run-off after rainfall [2] . Therefore, the effects on freshwater fauna (e.g. fish) exposed to this chemical contaminant should be considered. Triazoles as well as the structurally related imidazole fungicides can inhibit ergosterol biosynthesis, which is ), oxidative stress was apparent as reflected by the significant higher ROS levels in fish gill, as well as the significant inhibition of SOD and CAT activities. In addition, Na + -K + -ATPase activities were significantly lower than those of the control with increasing PCZ concentration and prolonged exposure period. The results of this study indicate that chronic exposure to PCZ has altered multiple physiological indices in fish gill; however, before these parameters are used as unique biomarkers for monitoring residual pharmaceuticals in aquatic environments, more detailed laboratory experiments need to be performed.
critical for the formation of fungal cell walls, leading to growth arrest of the fungus [3] . This fungicide also interferes with the embryonic development of Daphnia magna resulting in developmental abnormalities and embryonic death [4] . Moreover, these chemicals could lead to the inhibition of cytochrome (CYP) P-450 dependent C14 demethylation of lanosterol, an intermediate in ergosterol biosynthesis [2] . In fish, CYP mediated steroid metabolism [5] and xenobiotic metabolism [6] can be altered.
Many water contaminants can stimulate production of reactive oxygen species (ROS) and result in oxidative damage to aquatic organisms [7] . Under normal conditions, cellular antioxidant systems can convert ROS and other pro-oxidants to harmless metabolites as well as protect normal cellular functions and metabolism [8] . Fish antioxidant responses are very sensitive to environmental contamination and these are used as a biological indicators of aquatic environmental health [9] . In addition, adenosine triphosphatases (ATPases), which are integral parts of active transport mechanisms for cations across the cell membrane, are influenced by aquatic environmental contaminants [10] . Therefore, ATPases can be meaningful indicators of cellular activity and useful toxicological tools [11] .
The fish gill is the first organ to contact environmental pollutants. Therefore, it is important to know the response of this organ in fish exposed to environmental contaminants because its large surface area facilitates greater toxicant interaction and its detoxification system is not as robust as that of the liver [12] . In the present study, rainbow trout (Oncorhynchus mykiss), one of the widely used fish models in aquatic toxicology, was chosen as the test organism to determine the biochemical responses in fish gill after chronic exposure to propiconazole. This was done by analyzing the antioxidant enzymes (SOD and CAT activities), oxidative stress index (ROS generation), and Na
Experimental Procedures

Chemicals
Propiconazole (analytical standard) and other chemicals were purchased from Sigma-Aldrich Corporation (USA). The PCZ was dissolved in DMSO to make a stock solution at a concentration of 100 mg mL -1 .
Fish
Rainbow trout (total n=110), weighing 292.83 ± 45.70 g (mean ± S.D.), were obtained from a local commercial hatchery (Husinec, Czech Republic). They were held in aquaria containing 250 L of freshwater continuously aerated to maintain dissolved oxygen values at 7.5-8.0 mg L -1
. Temperature was 15 ± 1°C and pH was 7.4 ± 0.2. Photoperiod was a 12:12 light-dark cycle. Fish were acclimatized for 14 days before the beginning of the experiment and were fed commercial fish food (BioMar, Denmark). The fish were starved for 24 h prior to experimentation to avoid prandial effects during the assay.
Exposure to PCZ
A 200 L semi-static system was used in which 11 rainbow trout were randomly distributed to each of ten aquaria. The nominal concentrations of PCZ used were 0.2 μg L -1 (E1 group, according to environmental concentration), 50 μg L -1 (E2 group), and 500 μg L -1 (E3 group). Propiconazole was dissolved in DMSO with a final concentration less than 0.01%. Two other groups were used as contrast groups, a control group exposed to clean freshwater and a DMSO group exposed to the volume of DMSO (v/v, 0.01%) used for the highest PCZ concentration. Each experimental condition was duplicated. The fish were fed daily with commercial fish pellets (BioMar, Denmark) at 1% total body weight at a fixed time and the extra food was removed. Eighty percent of the exposed solution was renewed each day after 2 h of feeding to maintain the appropriate concentration of PCZ and DMSO and to maintain water quality. The test equipment was cleaned every 7 days. The test fish were exposed to PCZ for 7, 20 and 30 days.
To ensure agreement between nominal and actual compound concentrations in the aquaria, water samples were analyzed during the experimental period by high performance liquid chromatography (HPLC) carried out with a Waters Alliance 2695 HPLC instrument (USA). Separations were conducted using a LiChroCART Purospher Star RP-18e analytical column (125 mm x 4 mm i.d., 5-μm particle) equipped with a guard column (4 mm x 4 mm. id., 5-μm particle). The identification/ quantification of target analytes was performed employing a Waters Quattro Premier XE tandem-quadrupole mass spectrometer (USA) equipped with a Z-spray interface. Water samples were collected from the test aquaria after 1 h and 24 h of renewing the test solutions. The mean concentration of PCZ in the water samples was always within 20% of the intended concentration.
Tissue samples
At the end of each exposure period, three randomly selected fish from each aquarium were killed. The gills were quickly removed, immediately frozen, and stored at -80ºC until analysis. Frozen tissue samples were weighed and divided in two sets: the first set for oxidative indices measurement, the second set for the Na + -K + -ATPase study.
ROS generation and antioxidant enzymes
Reactive oxygen species were measured using 2,7-dichlorofluorescin diacetate (DCFH-DA) based on the methods of Driver et al. [13] with slight modifications by Zhang et al. [14] . The conversion of DCFH to the fluorescent product DCF was measured using a TECAN spectrophotometer (Tecan, Switzerland) with excitation at 485 nm and emission at 530 nm. Background fluorescence (conversion of DCFH to DCF in the absence of homogenate) was corrected by the inclusion of parallel blanks. The relative ROS level (%) was expressed as a percentage of the basal value in the control.
Total superoxide dismutase (SOD; EC 1.15.1.1) activity was determined by the method of Marklund and Marklund [15] . This assay depends on the autoxidation of pyrogallol. Superoxide dismutase activity was assessed spectrophotometrically at 420 nm and expressed as the amount of enzyme per milligram of protein. The catalase (CAT; EC 1.11.1.6) activity assay, using the spectrophotometric measurement of H 2 O 2 breakdown, measured at 240 nm, was performed following the method of Beers and Sizer [16] .
Na
+ -K + -ATPase assay
The second set of frozen tissue was homogenized in a buffer (pH 7.4) containing 250 mM sucrose, 15 mM NaCl, 0.5 mM EDTA and 5 mM HEPES. The homogenate was centrifuged at 12000 x g for 15 min at 4ºC to obtain the supernatant for enzyme analyses. Na + -K + -ATPase activity, expressed as μmol Pi liberated/ mg protein/h in gill, was measured by liberating PO 4 from a hydrolysis reaction with ATPase, as described previously [11] .
Protein estimation and statistical assays
Protein levels were estimated spectrophotometrically by the method of Bradford [17] using bovine serum albumin as a standard. All values were expressed as mean ± SD and analyzed by SPSS for Win 13.0 software. Oneway ANOVA with Tukey's test was used to determine whether results of treatments were significantly different from the control group (P<0.05). In addition, principal component analysis (PCA) was used to define the most important parameters, which could be used as key factors for individual variations using Statistic 6.0.
Results
In this study, the measured concentration of PCZ in the water samples was 0.18 ± 0.02, 45.14 ± 3.28, 459.15 ± 48.37 μg L -1 corresponding to the nominal concentration 0.2, 50 and 500 μg L -1 .
ROS generation
Levels of ROS in gill of all groups are summarized in Figure 1 . There was no significant change (P>0.05) in ROS level in fish tissue after 7 days exposure to PCZ when compared with the control. However, after a longer-term exposure (after 20 d) this biomarker was significantly elevated (P<0.05 or P<0.01) in both tissues of E2 (50 μg L 
Enzymatic antioxidants
Chemometrics
In order to examine the discriminating power of the set of studied biomarkers, we carried out principal component analysis (PCA). In the present study, all the parameters measured in the present study that were distinguished Table 1 . Effect of chronic exposure to PCZ on activities of antioxidant enzymes (SOD, U/mg protein; CAT, U/mg protein) in gill of rainbow trout. 
Indices
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Discussion
The fish gill is a multifunctional organ performing vital functions such as respiration, osmoregulation and acid-base balance [18] . Due to its special structural and physiological characters, the gill tissue is very highly vulnerable to toxic chemicals present in aquatic environments and has frequently been used in the assessment of impact of pollutants in aquatic systems [8, 19, 20] . The present study investigated the chronic exposure of PCZ on branchial Na + -K + -ATPase and the antioxidant defence system of fish and determines the PCZ-induced oxidative stress according to ROS levels in the fish gill.
Oxidative stress will occur if the activities of the antioxidant defense systems decrease or ROS production increases [21, 22] . In the present study, the significantly higher level of ROS in fish gill after long term exposure to PCZ indicated that the fish tissue was in serious oxidative stress (Figure 1) . One of the important features of antioxidant enzymes is their altered activities under oxidative stress, and such a change can be an important adaptation to pollutant-induced stress [23, 24] . SOD and CAT enzymes have related functions [25] . SOD catalyses the dismutation of the superoxide anion radical to H 2 O and H 2 O 2 [26, 27] . CAT acts as a scavenger of hydrogen peroxide [28] . Through inhibitory effects on oxyradical formation, the SOD-CAT system provides the first line of defense against oxygen toxicity and is used as a biomarker indicating ROS production [29] . In the present study, induction of SOD in gill after 7 days of exposure could be an adaptive response to the toxicant stress and to neutralize the impact of ROS generated. But after prolonged exposure, a strong inhibition of SOD and CAT activities was observed, perhaps due to overproduction of ROS and its relatively low antioxidant system. Ion-dependent ATPases are known to regulate the entry and exit of different ions across membranes in order to maintain the physiological requirements of the cell [11] . In this study, the inhibition of Na + -K + -ATPase in gill after long-term exposure probably disturbs the Na + -K + pump, resulting in erratic entry of Na + into the cell along the concentration gradient and water molecules follow along the osmotic gradient [30] .
Results of the present investigation indicate that longterm exposure of rainbow trout to PCZ caused a number of biochemical and physiological changes reflecting effects on antioxidant-related parameters and Na + -K + -ATPase. These alterations, although not leading to lethal outcomes, might compromise the gill's ability to handle the pollutants. Due to direct exposure to environmental pollutants and its weak defence system, the gill is very sensitive to contaminants and can be used an important organ for monitoring residual pharmaceuticals in aquatic environments. However, before its application to field study, more laboratory experiments need to be done to get detailed information about molecular mechanism. Moreover, other classical morphologic indices (e.g. condition factor and hepatosomatic index) in fish could provide useful information for evaluating environmental stress, which should be given more attention in the future. Furthermore, because triazole fungicides could undergo transformation to secondary metabolites, the effects of those metabolites and/or parent compounds should be further investigated.
